The interaction of amphotericin B (AmB) and azole antifungal drugs in the treatment of fungal infections is still a controversial issue (1, 9, 11, (16) (17) (18) (19) (20) (21) (23) (24) (25) (26) (27) . AmB is believed to act primarily by damaging the fungal cell membrane after binding to fungal sterols, mainly to ergosterol. This binding alters membrane permeability, causing leakage of cations and hydrogen ions and eventually leading to cell death (24) . Azoles appear to act by preventing fungal ergosterol biosynthesis via specific and selective inhibition of fungal lanosterol 14-demethylase, an enzyme of the cytochrome P450 superfamily (5) . Thus, in theory, azoles could antagonize the effects of AmB. However, experimental data have demonstrated that the effects of this type of interaction can range from antagonistic to frankly synergistic (1, 9, 11, (16) (17) (18) (19) (20) (21) (23) (24) (25) (26) (27) . This broad variation of the results seems to be due to specific characteristics of the azole drug. It has been postulated that a lipophilic azole, such as itraconazole (ITC), by adsorbing to the cell membrane surface, could block the interaction of AmB at the cell membrane (21) . On the other hand, a water-soluble azole, such as fluconazole (FLC), by penetrating the fungal cell, does not accumulate on the cell membrane, thereby allowing AmB to bind to the cell membrane ergosterol (21) .
Cryptococcus neoformans is an important cause of morbidity and mortality in immunocompromised patients (4, 12, 30) . The "gold standard" therapy for cryptococcosis remains AmB with or without flucytosine (4, 30) . For suppression therapy a triazole, such as FLC or ITC, is the agent of choice (4, 5) . Recently, the new investigational triazole SCH 56592 (SCH) was shown to have potent activity against isolates of C. neoformans (2, 8) . Since in clinical practice AmB and triazoles are concomitantly or sequentially used for the treatment of cryptococcal infections, data that provide some insight into the effects of this interaction are needed.
Thus, in the present study we investigated the interactions of FLC, ITC, and SCH with AmB against C. neoformans.
MATERIALS AND METHODS
Isolates. Fifteen isolates of C. neoformans were included in this study. They comprised 14 clinical strains isolated from blood, cerebrospinal fluid, or skin biopsy specimens of AIDS patients and one strain from the American Type Culture Collection: C. neoformans ATCC 90112. All the strains were maintained on Sabouraud dextrose agar (SDA; Difco Laboratories, Detroit, Mich.) slants at 4°C.
Antifungal agents. Stock solution of AmB (Sigma Chemical, Milan, Italy) was prepared in dimethyl sulfoxide (Sigma). Stock solutions of FLC (Pfizer Inc., New York, N.Y.) were prepared in sterile distilled water. Stock solutions of ITC (Janssen, Beerse, Belgium) and SCH (Shering-Plough Research Institute, Kenilworth, N.J.) were prepared in polyethylene glycol 400 (Janssen Chimica, Geel, Belgium). Further dilutions of all drugs were prepared in the test medium (13) . For in vivo studies AmB (Fungizone) was purchased from Brystol-Myers, Squibb S.p.A., Sermoneta, Italy, while FLC (Diflucan) was purchased from Pfizer, Roerig S.p.A., Latina, Italy.
In vitro experiments. (i) Combination therapy. Drug interactions were assessed by a checkerboard titration broth microdilution-based method that adhered to the recommendations of the National Committee for Clinical Laboratory Standards (NCCLS) (13) . Testing was performed in RPMI 1640 medium (Sigma) buffered to pH 7.0 with 0.165 M morpholinepropanesulfonic acid (MOPS) buffer (Gibco Laboratories, Milan, Italy). AmB was tested at concentrations that ranged from 0.03 to 2.0 g/ml. FLC was tested at concentrations that ranged from 0.06 to 32 g/ml, both ITC and SCH were tested at concentrations that ranged from 0.0078 to 4.0 g/ml. The trays were incubated at 35°C and were read at 72 h. Readings were performed spectrophotometrically with an automatic plate reader (model MR 700; Dynatech) set at 490 nm (3) . MIC endpoints were determined as the first concentration of the antifungal agent tested alone and in combination at which the turbidity in the well was Ͼ80% less than that in the control well. Drug interactions were classified as synergistic, additive, indifferent, or antagonistic on the basis of the fractional inhibitory concentration (FIC) index (7) . The FIC index is the sum of the FICs of each drug; the FIC is defined as the MIC of each drug when used in combination divided by the MIC of the drug when used alone. The interaction was defined as synergistic if the FIC index was 0.50, additive if the FIC index was Ͼ0.50 to 1.0, indifferent if the FIC index was Ͼ1.0 to 2.0, and antagonistic if the FIC index was Ͼ2.0 (7).
(ii) Sequential therapy. Sequential therapy experiments were performed only with FLC. The effect of preexposure to FLC on the anticryptococcal activity of AmB was investigated against C. neoformans 2337. Serotyping, performed by M. A. Viviani at the Istituto di Igiene e Medicina Preventiva Università degli Studi di Milano, showed that this strain belongs to serotype D. Briefly, cells of C. neoformans were grown overnight in FLC-free medium (CN) or in medium with FLC at 50 g/ml (CN-50). Cells were harvested by low-speed centrifugation, washed twice with phosphate-buffered saline (PBS), adjusted to a final inoculum of 1.0 ϫ 10 5 to 5.0 ϫ 10 5 CFU/ml, and suspended in 10 ml of medium (replicating cells) or PBS (nonreplicating cells) containing AmB at variable concentrations. At time points of 0, 1, 2, 4, 6, and 24 h following the introduction of the isolate into the system, 100-l aliquots were removed from each test solution. After 10-fold serial dilution, a 50-l aliquot from each dilution was streaked in duplicate onto SDA plates for colony count determination. The plates were incubated for from 48 to 72 h at 35°C, and then the number of CFU was counted. Fungicidal activity was considered to be achieved when the number of CFU per milliliter was Ͻ99.9% compared with the initial inoculum size. Each experiment was performed three times.
Animal studies. Studies with animals were performed only with FLC. A murine model of systemic cryptococcosis was established in male BALB/c mice (weight, 30 g; Charles River Laboratories, Calco, Italy) by intravenous injection of viable cells of C. neoformans 2337. Both FLC and AmB were administered intraperitoneally. FLC was given at concentrations that ranged from 3 to 30 mg/kg of body weight/day, and AmB was given at concentrations that ranged from 0.5 to 1.5 mg/kg/day. Either combination or sequential therapies were evaluated (see below). In survival studies, treatment was begun 24 h after infection and was continued for 10 days. The mice were observed through day 30, and deaths were recorded daily. In tissue burden studies, therapy was given for from 7 to 13 consecutive days, depending on the experiment (see below). Twenty-four hours after the end of therapy, the mice were euthanized by CO 2 -induced asphyxia, and the number of viable CFU per gram of brain, lungs, spleen, liver, and kidneys of each animal was determined by quantitative plating of organ homogenates on SDA plates. There were 10 mice per group in the survival studies and 7 mice per group in the tissue burden studies.
Serum FLC levels. In some experiments serum FLC concentrations were determined by reverse-phase high-pressure liquid chromatography (HPLC) (14, 29) . Briefly, samples were deproteinated and spiked with an extraction mixture of acetonitrile containing 0.5 g of internal standard (UK-54,373) per ml by vortex mixing for 30 s, followed by centrifugation at 10,000 ϫ g for 1 min at room temperature and then a repeat of the mixing. After centrifugation the organic layer was removed and evaporated with nitrogen to near dryness. The residue was reconstituted in 100 l of mobile phase and filtered, and an aliquot was injected into the HPLC column. Separation was achieved with a reversed-phase analytical column (C 18 ; 3.9 by 150 or 300 mm) at room temperature and a wavelength of 205 nm with 10 mM acetonitrile-ammonium acetate (30:70; vol/ vol) with 0.5% diethylamine as the mobile phase. The pump was set at 1 ml/min. Working serum standards with FLC concentrations of 0.25 to 50 g/ml were prepared. Controls with FLC concentrations of 0.5, 2.0, 7.5, and 37.5 g/ml were similarly prepared. Best-fit standard curves were obtained by linear regression analysis with a correlation coefficient not less than 0.99. Intra-and interassay precisions were determined, and the results were considered acceptable when both intra-and interassay differences were less than 10%.
Statistical analysis. The MIC data were transformed logarithmically to approximate a normal distribution before statistical analysis. Continuous variables were compared by Student's t test or the Mann-Whitney test. Survival was plotted as Kaplan-Meier curves, and groups were compared by log rank analysis. The results of the fungal burden studies were analyzed by the Mann-Whitney test. Significance was defined as a P value of Ͻ0.05.
RESULTS
In vitro studies. To investigate the interactions between triazoles and AmB in vitro, we performed experiments in which drugs were tested either in combination or through a sequential scheme.
(i) Combination therapy. The results of combination therapy for 15 isolates of C. neoformans are reported in Table 1 . AmB MICs ranged from 0.25 to 1.0 g/ml, with an MIC at which 50% of isolates are inhibited (MIC 50 ) and an MIC 90 of 1.0 g/ml each. FLC MICs ranged from 1.0 to 16 g/ml, with an MIC 50 and an MIC 90 of 4.0 and 8.0 g/ml, respectively. When AmB and FLC were given in combination, there were a When only one value (e.g., 1.0 g/ml) is given, the AmB MIC was always, for example, 1.0 g/ml for each drug combination; when three values (e.g., 1.0/1.0/0.5 g/ml) are reported, it means that the AmB MICs were, for example, 1.0, 1.0, and 0.5 g/ml in the experiments performed with FLC, ITC, and SCH, respectively. significant reductions in the geometric mean AmB MIC (from 0.73 to 0.07 g/ml; P ϭ 0.0001) and FLC MIC (from 4.1 to 1.8 g/ml; P ϭ 0.029). For 7% (1 of 15) of the isolates the interactions were synergistic, for 67% (10 of 15) they were additive, and for 26% (4 of 15) they were indifferent, while antagonism was not observed. For isolate 526 there was a fourfold reduction in the MIC of each drug upon use of the drugs in combination. When additivism was documented, the median reductions in MICs were 8-fold (range, 2-to 32-fold) for AmB and 2-fold (range, 2-to 128-fold) for FLC. For four isolates (isolates 486, 492, 1993, and 3123) the interactions were indifferent: the initial AmB MICs for the isolates were reduced 16-to 32-fold upon combination of AmB with FLC. ITC MICs ranged from 0.25 to 1.0 g/ml, with an MIC 50 and an MIC 90 of 0.5 and 1.0 g/ml, respectively. When AmB and ITC were given in combination, there were significant reductions in the geometric mean AmB MIC (from 0.83 to 0.10 g/ml; P ϭ 0.0001) and ITC MIC (from 0.41 to 0.17 g/ml; P ϭ 0.009). For 7% (1 of 15) of the isolates the interactions were synergistic, for 73% (11 of 15) they were additive, and for 20% (3 of 15) they were indifferent, while antagonism was not observed. For isolate 2881 there was a fourfold reduction in the MIC of each drug upon use of the drugs in combination. When additivism was documented, the median reductions in MICs were 4-fold (range, 2-to 32-fold) for AmB and 2-fold (range, 2-to 32-fold) for ITC. For three isolates (isolates 492, 1880, and 2337) the interactions were indifferent: the initial AmB MICs were reduced 8-to 32-fold upon combination of AmB with ITC. SCH MICs ranged from 0.125 to 1.0 g/ml, with an MIC 50 and an MIC 90 of 0.5 and 1.0 g/ml, respectively. When AmB and SCH were given in combination, there were significant reductions in the geometric mean AmB MIC (from 0.57 to 0.15 g/ml; P ϭ 0.0001) and SCH MIC (from 0.45 to 0.08 g/ml; P ϭ 0.0001). For 33% (5 of 15) of the isolates the interactions were synergistic, for 53% (8 of 15) they were additive, and for 14% (2 of 15) they were indifferent, while antagonism was not observed. When synergy was documented, the median reductions in MICs were 4-fold for AmB and 16-fold (range, 2-to 32-fold) for SCH. When additivism was documented, the median reductions in MICs were 2-fold (range, 2-to 4-fold) for AmB and 4-fold (range, 2-to 64-fold) for SCH. For two isolates (isolates 1880 and 2337) the interactions were indifferent: for both isolates the initial AmB MIC was reduced 16-fold upon combination of AmB with SCH.
(ii) Sequential therapy. Sequential therapy experiments were performed only with FLC. Since additivism was the most common interaction seen among these isolates, C. neoformans 2337 was selected as a representative strain for further experiments. The isolate was grown overnight either in FLC-free medium (CN) or in medium containing FLC at 50 g/ml (CN-50). Quantitative plating showed that all in vitro experiments were performed with an initial inoculum that ranged from 1.0 ϫ 10 5 to 5.0 ϫ 10 5 CFU/ml. Figure 1 shows the viability of CN or CN-50 cells incubated for 24 h with various concentrations of AmB. In this experiment the cells were incubated without agitation at 35°C. The anticryptococcal activity of AmB against CN cells was dose dependent, with 149, 53, 17, and 5% of the cells surviving incubation with AmB at concentrations of 0.25, 0.5, 1.0, and 2.0 g/ml, respectively. On the other hand, the polyene was clearly ineffective against CN-50 cells, as shown by a dramatic increase in the numbers of CFU after 24 h of incubation with all AmB concentrations. In particular, the reduction in the number of viable CN cells was significantly greater than the reduction in the number of CN-50 viable cells with AmB at concentrations of 0.5 g/ml (P ϭ 0.048) and 2.0 g/ml (P ϭ 0.044). Figure 2A shows the anticryptococcal activity of AmB at concentrations of 0.5 and 1.0 g/ml against replicating cells (incubation in RPMI 1640 medium). In these experiments the cells were gently shaken through the 24-h period. In this system, AmB at 0.5 g/ml exerted fungistatic activity against both types of cells for up to 6 h of incubation. However, the regrowth at 24 h was more pronounced for CN-50 cells than it was for CN cells. When cells were incubated with AmB at 1.0 g/ml, a progressive decrease in the number of CFU was noted through the 24-h period for both types of cells. The percent viability at the end of the experiment was 1.5 for CN-50 cells and 0.4 for CN cells. (i) Combination therapy. In study 1, the mice were challenged with 9.4 ϫ 10 5 viable cells of C. neoformans, and 24 h after the challenge, the mice were randomized into one of the following treatment groups: (i) placebo, (ii) FLC at 10 mg/kg/ day, (iii) AmB at 0.5 mg/kg/day, and (iv) FLC at 10 mg/kg/day plus AmB at 0.5 mg/kg/day. Therapy was given for 10 consecutive days, and deaths were recorded daily through day 30 postinfection (Fig. 3) . All treatment regimens were effective in prolonging the survival compared with the length of survival for the controls (P Ͻ 0.0001). AmB was more effective than FLC (P Ͻ 0.0001). Combination therapy was more effective than FLC therapy (P Ͻ 0.0001), but it was not better than AmB therapy (P ϭ 0.067). In study 2, the mice were challenged with 6.5 ϫ 10 4 viable cells of C. neoformans, and 24 h after the challenge, the mice were randomized into one of the following treatment groups: (i) placebo, (ii) AmB at 0.5 mg/kg/day, (iii) FLC at 3 mg/kg/day, (iv) FLC at 10 mg/kg/day, (v) AmB at 0.5 mg/kg/day plus FLC at 3 mg/kg/day, and (vi) AmB at 0.5 mg/kg/day plus FLC at 10 mg/kg/day. Therapy was administered for 7 consecutive days, and the mice were killed on day 8 postinfection (Table 2 ). All treatment regimens were effective in reducing the fungal burdens compared with the burdens in the organs of the controls with the exception of AmB for the brain. The effectiveness of FLC was shown to be dose dependent, with FLC at 10 mg/kg/day being more effective than FLC at 3 mg/kg/day at reducing the fungal burdens in all organs with the exception of the liver. AmB was more effective than both FLC dosing regimens at reducing the fungal burdens in the lung and kidney, while the polyene was more effective than FLC at 3 mg/kg/day but not FLC at 10 mg/kg/day at reducing the fungal burden in the liver. Both FLC dosing regimens were more effective than AmB at reducing the fungal burdens in the brain and spleen. Both combination therapies were shown to be more effective than each single therapy at reducing the fungal burdens in the liver and spleen.
(ii) Sequential therapy. In study 3, the mice were challenged with 5.0 ϫ 10 5 viable cells of C. neoformans, and 24 h after the challenge they were randomized into one of the following treatment groups: (i) placebo; (ii) FLC at 15 mg/kg/day on days 1, 2, and 3 postinfection and FLC at 10 mg/kg/day on days 5 and 7 postinfection; (iii) AmB at 1.5 mg/kg/day from day 8 to day 13 postinfection; and (iv) FLC at 15 mg/kg/day on days 1, 2, and 3 postinfection and FLC at 10 mg/kg/day on days 5 and 7 postinfection followed by AmB at 1.5 mg/kg/day from day 8 to day 13 postinfection. Tissue burden studies were performed on day 14 postinfection (Table 3) . FLC was effective in reducing the fungal burdens in all organs compared with the burdens in the organs of the controls. Although AmB therapy was initiated on day 8 postinfection, it yielded significant reductions in the fungal burdens in all organs compared to those in the organs of the controls with the exception of those in the lung. For reduction of the fungal burden in the lung, FLC was superior to AmB. No significant differences were seen between FLC and AmB in reducing the fungal burdens in the remaining four organs. Sequential therapy yielded significant reductions in the fungal burdens in all organs compared to the burdens in the organs of the controls. Additionally, it was better than both monotherapies in reducing the fungal burdens in the lung, brain, and spleen. Sequential therapy was better than FLC therapy but not AmB therapy in reducing the fungal burden in the kidney. Conversely, it was better than AmB but not FLC in reducing the fungal burden in the liver. In study 4, the mice were given FLC at 30 mg/kg/day prior to the infection. Azole prophylaxis commenced on day Ϫ5 and lasted until day 0, with the last dose given 2 h prior to the infection. The mice were challenged with 4.5 ϫ 10 5 viable cells of C. neoformans. Starting at 24 h postinfection, both FLC-pretreated mice and naive mice were given AmB at 0.5 or 1.5 mg/kg/day for 9 consecutive days, and they were killed on day 10 postinfection (Table 3) . Prophylaxis with FLC was not effective in reducing the fungal burden compared with the fungal burden in the controls. AMB at 0.5 mg/kg/day was effective in reducing the fungal burdens in all organs with the exception of the brain. AmB at 1.5 mg/kg/ day was effective in reducing the fungal burdens in all organs. The effectiveness of AmB was shown to be dose dependent with AmB at 1.5 mg/kg/day being more effective than AmB at 0.5 mg/kg/day in reducing the fungal burdens in all organs with the exception of the brain. In general, AmB given after FLC prophylaxis was as effective as AmB given alone, irrespective of the doses used. However, the administration of AmB at 1.5 mg/kg/day after the administration of FLC was shown to be more effective than AmB alone in reducing the fungal burden in the brain. In this study, additional mice were used for determination of serum FLC levels. Blood was sampled at 2, 24, 48, 72, 96, and 120 h after administration of the last dose of FLC given as prophylaxis. Concentrations in serum were 33.4 and 1.1 g/ml 2 and 24 h, respectively, after administration of the last dose of the azole, while they were undetectable by day 2.
DISCUSSION
To date, with the exception of AmB and flucytosine used in combination for the treatment of several systemic mycoses, few data are available on the interaction between antifungal compounds. Use of a combination of a polyene and an azole has always been questioned because of the potential for antagonism. However, recent experimental data have demonstrated that the effects of an azole antifungal agent on the efficacy of AmB are either drug or fungus specific (11, (16) (17) (18) (19) (20) (21) (23) (24) (25) (26) . Little is known about the interaction between azoles and AmB against C. neoformans (1, 11, 16, 17) .
Although standard therapy for cryptococcosis remains AmB with or without flucytosine, FLC is sometimes used in combination with AmB, mainly for seriously ill patients. The effects of this combination therapy were first investigated in vitro against a large number of clinical isolates of C. neoformans. The procedure used in the present study is a checkerboard titration broth microdilution-based method that adheres to the recommendations of NCCLS (13) . We found that the combination resulted in a synergistic interaction against only one isolate (7%), while FLC combined with AmB yielded additive (67%) or indifferent (26%) interactions against the majority of the isolates. Although synergy against our series of isolates was a rare event, the geometric mean MICs of both drugs dropped dramatically when they were used in combination: the geometric mean MIC of AmB dropped from 0.73 to 0.07 g/ml, and the geometric mean MIC of FLC dropped from 4.1 to 1.8 g/ml. The effects of this combination therapy in vitro were extended by including two other triazoles: ITC and the new investigational triazole SCH. We found that the combination of ITC and AmB resulted in a synergistic interaction against one isolate (7%). On the other hand, SCH combined with the polyene yielded a synergistic interaction against five isolates (33%). It must be noted, however, that the definition of synergy is dependent upon the methodology used and to some degree is arbitrary. Although in recent reports (15) the synergy between antibacterial or antifungal drugs has been defined as an FIC index of Ͻ1.0, in this study we selected a more stringent criterion for the definition of synergy. The findings that antagonism was not observed are encouraging. One of the main reasons for the use of combination antifungal therapy is that nontoxic amounts of two antifungal agents can be used when toxic doses of a single drug would be required. Our in vitro data suggest that these combination therapies would allow the use of lower doses of AmB without the loss of a clinical response.
The in vitro results were confirmed by studying the effects of concomitant FLC-AmB therapy in a model of systemic murine cryptococcosis. Survival studies showed that combination therapy was more effective than FLC alone and was at least as effective as AmB given as a single drug. Tissue burden results mirrored the results of the survival study. In addition, they showed that the degree of beneficial effects depends on the organ considered. Actually, we found an additive effect against the fungal burdens in the brain, lung, and kidney, while the combination yielded a synergistic effect against the fungal burdens in the liver and spleen. Our data agree with those previously reported by Perfect and Durak (16) . Those investigators used a rabbit model of experimental cryptococcal meningitis and found that AmB and ketoconazole had an additive effect. Similarly, Albert et al. (1) showed a lack of antagonism between the triazole SCH 39304 and AmB in a model of murine cryptococcal meningitis. Thus far, FLC-AmB combination therapy has mainly been investigated with experimental models of murine candidiasis. Sugar and colleagues (23, 25) showed that this combination was at least as effective as AmB alone in both immunocompetent and immunosuppressed mice. Similarly, Sanati et al. (19) showed that AmB monotherapy or combination therapy significantly decreased the fungal densities in a rabbit model of endocarditis due to Candida albicans. There are clinical circumstances, such as the worsening of a cryptococcal infection occurring during FLC suppression therapy, in which therapy is switched from an azole to AmB. Therefore, we performed additional experiments to see whether the anticryptococcal activity of the polyene maintains its initial efficacy after FLC exposure. Similar to the findings of Vazquez et al. (27, 28) for several species of Candida, we showed that the anticryptococcal activity of AmB was clearly reduced in vitro after the cells were exposed to FLC at 50 g/ml. Since the in vitro model or models that most closely mimic clinical infections are not known, we performed killing experiments by using both replicating and nonreplicating cells. Although both systems confirmed that AmB had reduced anticryptococcal activity against cells preexposed to the triazole, this phenomenon was particularly evident for nonreplicating cells. It seems likely that a process of adaptation to FLC may occur and that this process can protect the cells during exposure to AmB. Although the mechanism by which preexposure to FLC reduces the activity of AmB was not investigated, one can speculate that the membrane ergosterol is replaced by a methylated sterol derivative that does not interact with AmB (6, 10) . However, results of our in vivo studies of sequential therapy did not correlate with data from in vitro studies. AmB given after FLC therapy (or FLC prophylaxis) was shown to be at least as effective as AmB alone. In addition, these studies showed that a synergistic interaction upon sequential therapy was not a rare event. In particular, in study 3 sequential therapy was superior to both monotherapies in reducing the fungal burdens in the lung, brain, and spleen, while in study 4 AmB administered after prophylaxis with FLC was shown to be more effective than AmB alone in reducing the fungal burden in the brain. In the latter study we found serum FLC levels of 33.3 and 1.1 g/ml 2 and 24 h after administration of the last dose of FLC, respectively. It has been reported that 70 to 80% of the FLC in serum penetrates the cerebrospinal fluid (5). It seems likely that a high, even transient concentration of FLC in cerebral tissue produced a large decrease in the fungal burden and that the remaining fungi were more easily eliminated by the high AmB dose used in this experiment. The reason why a similar effect was not observed for the remaining four organs is difficult to explain. It can be hypothesized that the low protein concentration in the cerebrospinal fluid makes the bioavailabilities and, consequently, the effectiveness of both drugs greater than those in other body compartments. Differences in experimental approaches to sequential therapy can account for the contradictory data observed between the in vitro and in vivo results. While in vitro the cells were exposed to high dose of FLC (50 g/ml), the same concentration was not tested in vivo.
It must be noted that our in vivo experiments were performed with one clinical isolate of C. neoformans. Due to the considerable degree of variation among isolates of C. neoformans with respect to genetic background, the effects of such combination therapies in animal models should be further explored with multiple strains. In addition, the potential effect of the immune system on the interaction of AmB and FLC (or other triazoles) must be considered. AmB is an important immunomodulator that may mediate some of the immune system effects by increasing macrophage function (22) . Whether the effects of AmB and FLC combined differ depending on the status of the host immune system merits further investigation.
In conclusion, the results of the present study demonstrated that the combination of triazoles and AmB is significantly more active than either drug alone against C. neoformans in vitro. Our in vivo data confirmed that combination therapy with FLC and AmB is not antagonistic and is at least additive. This finding suggests that this combination therapy should be widely explored in clinical studies. Although under our in vitro experimental conditions cells preexposed to FLC were found to be less susceptible to AmB, the same phenomenon was not observed in vivo. Rather, when the two drugs were used sequentially for the treatment of murine systemic cryptococcosis, a reciprocal potentiation was often observed.
